ILLINOIS MATHEMATICS & SCIENCE ACADEMY
AURORA IL. 60506
1500 SULLIVAN Rd.
HADRON EDITORIAL

March 2019

No. 02

HADRON
AN I MSA E DITORIA L

S U M M A RY
6

Climate Change: How It Shapes Our Future

9

A Grecian Goddess and a Gene: Klotho

10

ISSF in Singapore

11

Bacterial Metabolism as a Potential Source of Electricity

12

The Search for Life in Binary Solar Systems

13

The Influence of the Introduction of Nitric Oxide on Cancer Tumors

15

Amateur Findings on Lebesgue’s Universal Covering Problem

16

2D Materials and Applications

Climate Change:
How It Shapes Our
Future.
MADHUMITHA MANIVANNAN, ALANA DEPAZ

Recently, many of our fellow IMSA students took part in the Chicago Youth Climate Strike, one of the many massive student strikes
around the world, in order to protest the lack of action in combating climate change. These students skipped school and raised their
voices in order to protect something that they should be entitled to:
Earth. They all understand the importance in considering what the
future entails for a world in which the percentage of atmospheric
gases pertaining to climate change is high and the optimism is low.
Two of the students that helped arrange for the IMSA student body
to take a stand against the inaction in combating climate change in
the Chicago Youth Climate Strike were Madison Hahamy and Liza
Kuzmina.
When asked about why it was important to acknowledge climate
change, Madison answered that “Especially when you look at recent
reports like the one that came out of the United Nations that said
that we have less than twelve years to actually combat climate change
and to lower emission levels until we get to this point where we’re
not causing irreversible disastrous damage, it can’t just be something
passive anymore. You have to be actively confronting and acknowledging climate change, because if we don’t, then quite literally, our
lives are at stake. And, it’s not just something that’s going to happen
in the future… this will affect us, it already is.”
Clearly, the students are already taking action on climate change.
Many emotions can run through someone when preparing and
attending an event such as the climate strike, and Liza shared that
“leading up to the strike, something that I felt a lot was, honestly,
frustration with how difficult it was for us to set up, like, transportation and making sure that everyone’s absences would be excused,
because we faced so much red tape from administration when it
came to actually organizing it… So, I was just extremely frustrated
that the adults that have a say were not being supportive of us exercising our right to be politically active, especially as people who will
be voting in the next election. At the actual strike, I felt so empowered, because I was there with a group of hundreds of students who
I know are all just as worried as I am, about not only our futures,
but the futures of our kids. I know that we were all there because
we want generational longevity. We want generational equality. We
want to be able to experience the same things that our parents did,
and we want the same thing for generations to come.”
Fighting human-induced climate change (such as high emissions,
deforestation, etc.) -- whether or not one believes climate change is
real or not -- is important to determine how everyone’s futures on
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this planet will play out. The best way to do this,
according to Madison, is “to change the infrastructure, and that means we have to go after the system itself. And, the way that you combat the system itself is on a policy level, in my opinion.” Liza
also agrees, saying “It’s important that everyone
participates in their own small way… However,
small-scale changes are really only going to do so
much… On a grander scale, participating in movements like this, writing to your senators, and especially once we all turn eighteen, exercising your
right to vote for people who care about the future.”

ing waters, which would not only affect southern
coasts, but also most of New England (Figure 2).

So, how would climate change impact us directly? Climate change obviously impacts climate, but
what does that implicate other than warmer summers? In reality, climate change alters the course of
all four seasons. Not only are winters warmer and
blizzards much harsher, but spring also creeps in
earlier and earlier each year. Instead of starting in
late March spring weather can now begin in late
February These huge seasonal shifts affect flower
blooming, pollinators, bird migration, hibernation
patterns,and other life cycle events (Land Trust Alliance, 2019).

Figure 2: Past and projected sea level rise from 1800 to
2100 (NCA, 2014)

Climate change could also impact a very important aspect of society: education. Due to climate
change, many schools could be at risk of flooding or burning down, so parents and students
will have to opt for more unconventional ways
of learning: online schools and homeschooling.
The new unconventional schooling would also
mean a more emphasized role of environmental sciences, climate change policy, and sustainable development in both rural and urban areas
(Noonoo, 2018).

In addition to ecosystem changes, there are also
grand changes to geographical placing: in Figure
1 shown below, one can see that states such as

From ecosystem changes to economics to education, human-induced climate change is affecting many different aspects of life all around the
world. We can either choose to address and fight
against climate change through education and
action, or quietly ignore the harms of climate
change; either choice will surely shape the future.

Sources:
Future of Climate Change | Climate Change
Science | US EPA. (2017). Retrieved from
https://19january2017snapshot.epa.gov/climate-change-science/future-climate-change_.
html
Noonoo, S. (2018). Report: Climate Change and
Migration Will Impact the Future of Schools
- EdSurge News. Retrieved from https://www.
edsurge.com/news/2018-11-29-report-climatechange-and-migration-may-impact-the-futureof-schools
Shifting Seasons - Conservation in a Changing
Climate. (2019). Retrieved from http://climatechange.lta.org/climate-impacts/shifting-seasons/
University of Exeter. (2019, March 18). Uncertain projections help to reveal the truth about
future climate change. ScienceDaily. Retrieved
March 20, 2019 from www.sciencedaily.com/releases/2019/03/190318132604.htm

Figure 1: Spatial distributions of projected damages.
(Hsiang et al., 2017)

Florida and Texas, as well as much of the Midwest,
could suffer major economical loss due to climate
change. Not only does climate change increase
temperature, but also the likelihood for natural disasters and unusual weather such as hail in Georgia, or snow in Texas. Due to the atypical weather,
there have been detrimental effects on agriculture,
aeronautical exploration, tourism, real estate, and
biological research (University of Exeter, 2019).
Coasts could also sink or submerge into neighbor-

7

A Grecian Goddess
and a Gene: Klotho
ASHLEY KOCA

Akin to the gene’s namesake greek goddess,
Clotho, the Klotho (KL) gene is one which controls
the process of senescence. The KL gene codes for
longevity and based upon genotype, can increase
cellular aging and the effects of neurodegenerative
disorders. PTSD was the focused neurological condition in this study, but this does not discredit the
likelihood of this gene’s connection to other conditions, as it is unlikely that the results are unique to
PTSD. In whole, this research is the first comprehensive analysis of the connection between cellular
aging and increased psychological stress through
the KL gene.

ant rs9315202 showed the most PTSD interaction,
projecting 2 tracts worth of white matter integrity, and displaying CRP prediction. This particular
SNP showed a strong connection with the extremity of metabolic syndrome—a conglomerate of
different medical conditions like high blood sugar
and abnormal triglyceride levels. Throughout each
test, most findings were shown to be of more prevalence in older adults.
This conducted research suggests potential benefits in the realm of medicine. More specifically, the
study’s results implicate that the usage of klotho
protein could have medicinal benefits in assisting
with neurodegenerative therapy. The introduction
of klotho protein fragments have been seen to improve cognitive ability in mice, the KL isoform’s
increased expression within the hippocampus and
prefrontal cortex improved memory, mobility, and
cognitive performance, and after demyelination,
overexpression was seen to cause remyelination
of the corpus callosum. The downfall of this study,
though, was the limitation to the majorly white
male population that was used. With a more inclusive study, perhaps, a properly conclusive answer
can be achieved. Regardless, this research provides
hope for the future of combatting cellular aging
and providing therapy for those ailed.

To investigate this connection, researchers utilized
KL variants from 309 non hispanic, white veterans
who have engaged in a study analyzing war-influenced neural stressors previously. Researchers
collected blood to analyze DNA methylation age
(DNAm), telomere length, and C-reactive protein
(CRP) while also taking MRI scans to understand
white matter neural integrity. Telomere length,
DNAm, and CRP “inflammaging” is being used to
show cellular senescence in addition to white matter integrity. displaying the impact of neurodegenerative diseases.
Major findings of the study included KL types
rs9315202 and rs9563121 possessing correlations
to PTSD symptom severity and sleep difficulty,
projecting advanced epigenetic age as well. Vari-

Sources:
Wolf, E. J., Morrison, F. G., Sullivan, D. R., Logue, M. W.,
Guetta, R. E., Stone, A., Schichman, S. A., McGlinchey, R.
E., Milberg, W. P., Miller, M. W. (2019). The goddess who
spins the thread of life: Klotho, psychiatric stress, and accelerated aging. Brain, Behavior, and Immunity. doi:10.1016/j.
bbi.2019.03.007
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IMSA
Students at
ISSF
Singapore
MEGHANA KARAN

In June 2018 of last year, IMSA was proud to host
the International Student Science Fair (ISSF) for
the first time on American soil. ISSF is run by the
International Science Schools Network (ISSN).
Many STEM schools from around the world are
apart of this network including IMSA. This year,
three IMSA students were selected by the SIR department to attend ISSF: Shruti Shakthivel (‘20),
Xander Hall (‘20), and Emily Sallenback (‘19).
ISSF was hosted by National Junior College in Singapore.

Pictured (left to right): Xander Hall, Shruti Shakthivel, Dr.
Bob Hernandez, Ms. Marti Shirley, Emily Sallenback (Picture
credit: Shruti Shakthivel, IMSA Student Productions)

perature of the star. They found that using CMDs
improves the classification of these stars since light
curves of different stars can appear to be similar.
Classifying these variable stars is useful when understanding the formation of galaxies and the universe.

Shruti Shakthivel (‘20) worked under Dr. Ryan
Ross at Rush University Medical Center in the
MicroCT and Histology Core Laboratory. Their
research was centered on the link between Alzheimer’s disease and bone loss (osteoporosis). There
are known correlations between patients with Alzheimer’s disease and osteoporosis, but there is not
significant research on the topic. Previous research
has looked at different mice models, but Shruti and
Dr. Ross’s research looked specifically at the 5xFAD
rat model which better mimics the progression of
Alzheimer’s in humans. They did find decreased
bone mass -- similar to that in osteoporosis -- in
the 5xFAD mice. They are continuing this work
to further identify the mechanisms behind these
findings in hopes of contributing to the growing
research being done on Alzheimer’s disease.

Emily Sallenback (‘19) and Bert Cao (‘19)
worked at Fermi National Accelerator Laboratory
(Fermilab) under Dr. Richard Cavanaugh and Dr.
Zhenbin Wu. Their research was in particle physics
and proving the Supersymmetry (SUSY) model.
There is a Standard Model of physics which recognizes that atoms are made up of electrons, protons,
and neutrons, and these particles are also made up
of smaller subatomic particles. The SUSY model
states that there are even smaller subatomic particles and that there is a SUSY particle for each of the
Standard Model particles. This project looked at
particle interactions called ISR jets, specifically the
T2tt signal, and tried to find better ways to identify
this signal. Finding this signal would support the
SUSY model, and in general, would be a significant
contribution to particle physics.

Xander Hall (‘20) researched at Northwestern
University at the Center for Interdisciplinary Exploration and Research in Astrophysics (CIERA)
alongside Dr. Adam A. Miller, Dr. Aaron Geller,
and Nicholas Easton. This project focuses on classifying variable stars, which are stars that change
brightness over time. Currently, variable stars are
classified using light curves which show the brightness of the star overtime. In their project, they experimented with classifying variable stars using
color-magnitude diagrams (CMDs) which show
the absolute brightness of a star versus the tem-

Throughout the week, the students were
put into the groups to come up with ideas on how
to solve issues to do with UN Sustainable Goals.
Shruti was also apart of the group the group that
won the Ideation Ward in the Design Challenge,
and Xander’s group won the Best Engineering
Award in Design Challenge. Shruti was also awarded with Best Young Research Scientist for her project.
Congratulations to all of the students for their hard
work!
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Bacterial Metabolism as
a Potential Source of
Electricity
PHYLLIS CHEN

Bacteria have been known to be valuable in driving
many evolutionary and geological processes. They
can produce energy by generating biofuel through
the use of microbial biofuel cells. It has recently
been observed by researchers in Lund University
in Sweden that bacteria can also be used to generate energy in the form of electricity. The metabolism of bacterial cells has been found to generate slight electrical currents. This occurs because
metabolic processes involve oxidation and reduction reactions, both of which cause the transfer of
electrons. However, there is the challenge of transporting the electrical current through the cell wall.
Scientists have recently developed the technology
to extract this electrical current as they are metabolizing. Conductive material allows scientists to
harvest this energy. In addition, bacteria can communicate intracellularly through sending electrical
signals to surrounding cells. Bacteria living under
oxygen-deprived conditions undergo a process of
respiration that involves pumping electrons out of
the cell wall through electron transport channels.
This processes has been modelled and observed in
the bacteria cells that function in human digestive

systems; the bacteria send electron signals to other
bacteria as well as organic molecules in the intestines. Scientists are currently studying this process
of extracellular electron transport in order to develop a method to remove electricity from bacteria
cells; they hope to develop technology similar to
the electron transport channels in bacteria that can
extract the electrical charge from bacteria in a controlled lab setting.
If successful, the production of electricity though
bacteria would only require light for the bacteria
to photosynthesize as well as a food source for the
bacteria to process through cellular respiration. It
is a promising source of renewable energy that will
minimize the negative effects of the environment.

Literature Cited:
Chu, J., & MIT News Office. (2019, January 11).
Technique identifies electricity-producing bacteria. Retrieved from http://news.mit.edu/2019/
identifying-electricity-producing-bacteria-0111
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The Search for Life in
Binary Solar Systems
SAM HALL

The search for life on both near and distant planets
has been a pressing topic of both discussion and
discovery for decades in the past and decades to
come. An imperative model to help scientists determine whether a planet can sustain life is the by
judging if a planet is in the Habitable Zone. The
Habitable Zone refers to a region around a star
where an earth-like planet can sustain copious
amounts of liquid water. Researchers affiliated with
the Royal Astronomical Society have done further
research into how the range of the Habitable Zone
changes under different conditions. More specifically, they researched the impact of pushing two
stars in binary solar systems within stellar nurseries closer together has on the Habitable Zone. It has
been known that in binary systems, the Habitable
Zones of each star may overlap and expand when
planets are in periastron--when a planet is closest
to its star-- and less commonly when a planet is
in apastron--when it is farthest from its star. The
researchers performed N-body simulations which
give scientists a definitive number of solutions for
the equations of the gravitational motion of particles interacting with each other. With this, they
simulated the different interactions with the young
stars of the various binary systems. They found that
in a stellar nursery of approximately 350 binary
systems, 20 systems would have their stars pushed
closer together by another object's gravitational
pull and thus, their Habitable Zones would expand.
In addition, the Habitable Zones of stars that were
widely separated unexpectedly overlapped which
was unprecedented due to the distance between
the stars. Thus being, the once-thought probability
of a planet harboring life under these conditions
has greatly increased. Prior to this research it was
thought that hostile environments such as stellar
nurseries are less likely to harbor life however, this
disproves that notion. The research suggests that
there are more planets that are inside binary system’s Habitable Zone, and because binary systems
make up approximately half of all solar systems,
this offers good news to the search for extraterrestrial life. In the future, more computer simulations
will have to be done to understand different sys-

Figure 1: NASA. (2016, August 29). Habitable Worlds | The
Search for Life – Exoplanet Exploration: Planets Beyond our
Solar System. Retrieved from https://exoplanets.nasa.gov/

tems’ Habitable Zones under different conditions
so scientists can have a better idea on how and
where to locate extraterrestrial life. The research of
this test is now exploring the roll supernovae have
on the creation and development on life. Currently,
the search for life is one of the most fundamental
questions in science and can lead to colonization,
a better understanding of us, of life, and most importantly, a better understanding of the universe.
Sources:
Bethany A Wootton, Richard J Parker, Enlarging
habitable zones around binary stars in hostile environments, Monthly Notices of the Royal Astronomical Society: Letters, Volume 485, Issue 1, May
2019, Pages L48–L52, https://doi.org/10.1093/mnrasl/sly238
Michele Trenti and Piet Hut (2008) N-body simulations. Scholarpedia, 3(5):3930.
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Figure 1: NO Entering a Tumor. Retrieved from: https://thetruthaboutcancer.com/nitric-oxide/

The Influence of the
Introduction of Nitric Oxide
on Cancer Tumors
HITESHI PATEL

Throughout the past few years, nobody was able
to gain an understanding of why nitric oxide was
detrimental to tumor growth. However, just this
month, a group of scientists found the answer to
this phenomenon. The human immune system interacts with cancer tumors in the body by infiltrating the tumor and eliminating the tumor’s growth
and regulation; although, often that is not enough.
Nitric Oxide (NO) is created in the body through
the catabolism of L-arginine to L-citrulline by a
reaction catalyzed by the enzyme nitric oxide synthase (iNOS). iNOS is transcriptionally upregulated by high local concentrations of inflammatory
cytokines and other high concentrations of NO.
Thus, the addition of NO to tumors from iNOS
inhibits cell growth in the tumor and exposes the
tumor to chemo and radio therapies. Even more
recently, it was found that NO catalyzes adaptive
immunity, making it even better for cancer fighting purposes. It can stimulate the immune system,
reducing the need for more harmful forms of treatment. Additionally, aerobic glycolysis, seemingly
less effective than mitochondrial oxidative phos-

phorylation, could actually be more helpful for energy production in tumor response since NO can
facilitate oncometabolic reprogramming. Despite
all of this, there are downfalls to using NO as well.
It may cause a nitrosative and oxidative stress response, which increases apoptosis. This is thought
to cause cell damage, a harmful addition to an already destroyed microenvironment. Overall, many
recent discoveries have been made about this potential cancer treatment, but much more has to
be done to fully comprehend the process through
which NO functions with tumors.

Sources:
Peñarando, J., Aranda, E., & Rodríguez-Ariza, A.
(2019). Immunomodulatory roles of nitric oxide in
cancer: Tumour microenvironment says “NO” to
anti-tumour immune response. Translational Research. doi:10.1016/j.trsl.2019.03.003
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Amateur Findings on
Lebesgue’s Universal
Covering Problem
MATTHEW NIEMIRO

Lebesgue’s universal covering problem is a famously difficult unsolved problem in geometry which
was proposed by French mathematician Henri
Lebesgue in 1914 that asks for the smallest convex
shape which can cover any planar set of diameter
one.

additional progress had been made for years until H.C. Hansen found space to remove on two
different corners of Pál’s hexagon in 1992, showing that the area of the smallest universal cover
was no greater than 0.844137708398, a striking
0.00000007398% decrease in area from the previously known smallest universal cover—and that
took 56 years.

A convex shape is, roughly speaking, a shape such
that given any two points on the shape, the line between those two points is also entirely contained
by the shape. Put more precisely, a convex shape
is a collection of points which together form a convex set, defined to be any set such that for any two
points in the set, the line between them is also in
the set. A circle is convex, as well as a square; if a set
consists of a line segment, it is also convex. Lebesgue’s problem asks for the smallest of these shapes
that can cover any planar set of diameter one, a planar set being a collection of points in two-dimensional space with a diameter being the least upper
bound of the space between sets. In other words,
Lebesgue asks: what is the smallest convex shape
that can contain any set of two dimensional points
such that no two points in that set are further than
one unit apart? The shape is said to contain the set
if the set can be rotated, translated, or reflected to
fit in the shape.

Enter Doctor John C. Baez: American physicist
and mathematician working as a professor at the
University at California who acquired his undergraduate education at Princeton University and
completed his doctoral work at the Massachusetts Institute of Technology. In 2015, Dr. Baez
along with Karine Bagdasaryan and Philip Gibbs
published their progress on Lebesgue’s covering
problem in their paper, “The Lebesgue Universal
Covering Problem.” In their attack on the difficult
metric geometry problem, Dr. Baez and company
first recount and review the work of the previous
Pál, Sprague, and Hansen to show the correct areas
of their universal covers and to then exposite their
method of finding a better optimized cover. With
the help of a Java program of their creation, the trio
is able to carefully study previous universal covers
down to the miniscule excisions made by preceding mathematicians and carefully evaluate the area
of possible universal covers. They find that the new
upper bound on the area of the smallest universal
cover to be 0.8441153, a 0.000026546% decrease in
area from the next smallest known universal cover.

The problem was initially presented to Hungarian-Danish mathematician Gyula Pál by Lebesgue
via a letter in 1914. Pál later published his findings
on the first non-trivial universal cover in 1920, in
which he had shown that a universal cover could be
constructed by taking a regular hexagon and its inscribed circle and removing two non-overlapping
corners, producing a cover with an area of 2-23or
approximately 0.84529946. Further progress was
made on the question sixteen years afterward
in 1936, when German mathematician Roland
Sprague showed that another tiny pocket of space
could be excised from the corner of Pál’s hexagon, further reducing the area of the then-smallest
known universal cover to 0.8441377708435, an approximately 0.14% decrease. No notable

Sources:
Baez, J. C., Bagdasaryan, K., & Gibbs, P. (2015). The
Lebesgue universal covering problem. arXiv		
preprint arXiv:1502.01251.
Hansen, H. C. (1992). Small universal covers for
sets of unit diameter. Geometriae Dedicata, 42(2),
205-213.
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MADHAV PARTHASARATHY

The idea of 2D materials is as crazy as it ever gets: materials
that are extremely thin by nature (on the atomic scale). These
materials are beneficial in the topic of optoelectronics, because
the main 2D material that is talked about in current research,
graphene, has special properties that can only be seen at the nanoscale (Radamson & Simeon, 2018). You may recognize the
term graphite; graphene is a 2D material that can be stacked together to form the 3D graphite. Before going on further, I would
like to explain 2D in more depth. 2D materials refer to crystal
materials that consist of a single or multiple layers, for which
the thickness of ranges from one atomic layer to 10 nanometers
(Cheng, Wang, Zou & Liao, 2018). Additionally, graphene has
special properties that include include offering incredible opportunities for infrared and visible light manipulation. Monolayer graphene absorbs 2.3% of white light in theory, with every
additional layer increasing the opacity by 2.3% (Cheng et al.,
2018). Next, I would like to talk about the other types of 2D materials that are also being researched about. One of the materials,
is TMDs, or Transition Metal Dichalcogenides, which is the basic chemical formula MX2, where M is a transition metal, and X
is a chalcogen element, hence the name given TMD Cheng et al.,
2018). Similar to graphene, TMDs also have a lamellar structure,
a structure with layers alternating between different materials,
and the unit cells are stacked on top of each other as well. Another type of 2D material that should be mentioned, is Black
Phosphorus, which is the most stable form of phosphorus at atmospheric pressure (Cheng et al., 2018). BP has a narrow bandgap, or an energy range in a solid where no electron states exist,
that can be modulated by its layer number, and also can absorb
light from visible to near-infrared sources, shown in Figure 1.
Characteristics of graphene allow it to either replace existing
material, or to create completely new applications. The increased
strength resulting from covalent carbon-to-carbon bonds would
allow for graphene to be used in a multitude of mechanical applications. Also, graphene can also improve the thermal conductivity of a material and it is also impermeable to gases and
liquids, which may serve to be utilized in more barrier applications. There are many applications for graphene and as this field
of study is still quite unsaturated, there is still much more research to be done. However, the use of 2D materials is still high
among chemical manufactures, including Thomas Swan, a manufacturer that supplies the National Graphene Institute (NGI)
with 2D materials. One innovation for how to utilize 2D materials includes its ability to extract heat from electronic devices,
keeping them cooler. This is done by creating a thermal paste between the electronic components allowing for the extraction of
heat (Extance, 2016). To summarize, 2D materials are materials
at the atomic level, and have special properties that other bulky
materials don’t have. This field of study hasn’t yet been completely studied, so it is expected that there will be many more applications of 2D materials than what we already have now.
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Figure 1: This shows the electronic bandgaps
of 2D

Sources:
Extance, A. (2016). Bringing 2D materials to
market. Retrieved from https://www.chemistryworld.com/news/bringing-2d-materials-to-market/1010021.article
Radamson, H.H. and Simeon, E. (2018).
Two-Dimensional Materials. Retrieved from
https://www.sciencedirect.com/topics/materials-science/two-dimensional-materials
Cheng, J., Wang, C., Zou X., Liao L. (2018). Recent Advances in Optoelectronic Devices Based
on 2D Materials and Their Heterostructures
[PDF File]. Retrieved from https://onlinelibrary.wiley.com/doi/10.1002/adom.201800441
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